Lenvatinib is a first-line standard treatment for advanced hepatocellular carcinoma (HCC) with better anti-tumor effects than sorafenib, as shown by greater inhibition of the kinases of fibroblast growth factor receptor and vascular endothelial growth factor (VEGF) receptor. This report describes a patient with advanced HCC who experienced perforation of the small intestine 1 month after starting the treatment with lenvatinib. This patient likely had partial necrosis of a metastasis to the small intestine before starting lenvatinib treatment, with subsequent ischemic changes leading to perforation of the small intestine. Although metastasis of HCC to the small intestine is rare, patients with these metastases should be regarded as being at risk for perforation during lenvatinib treatment.
Introduction
Hepatocellular carcinoma (HCC) is a highly prevalent disease and is responsible for 800,000 deaths per year worldwide [1] . Most patients are diagnosed with advanced-stage disease, resulting in poor prognosis [2] . The introduction of tyrosine kinase inhibitors (TKI) such as sorafenib and lenvatinib as first-line systemic treatments for unresectable HCC has improved the median overall survival (OS). In the REFLECT trial, lenvatinib showed noninferiority to sorafenib, with a median OS of 13.6 versus 12.3 months (hazard ratio [HR] 0.92; 95% confidence interval [CI] : 0.79-1.06) [3] . In that trial, lenvatinib showed better anti-tumor effects than sorafenib, as revealed by their objective response rates (24.1 vs. 9.2%, odds ratio 3.13; 95% CI 2.15-4.56) and median progression-free survival (7.4 vs. 3.7 months, hazard ratio 0.66; 95% CI 0.57-0.77). The difference in the anti-tumor effects of lenvatinib and sorafenib has been associated with their ability to inhibit the activity of certain tyrosine kinase receptors. Lenvatinib targets kinases such as vascular endothelial growth factor receptors (VEGFR) 1-3, fibroblast growth factor receptors (FGFR) 1-4, platelet-derived growth factor-α, RET, and KIT, with FGFR4 inhibition being regarded as important in preventing aggressive growth or progression to a higher grade of HCC malignancy [4] .
All TKIs, however, are associated with a range of adverse events (AEs), which can have a negative effect on patient prognosis and quality of life. The management of AEs influences the adherence of patients to treatment as well as their prognosis. In the REFLECT trial, lenvatinib had severe AEs in 1% of the patients, with 1 patient each experiencing tumor hemorrhage, ischemic stroke, respiratory failure, and sudden death [3] . Although gastrointestinal (GI) perforations have been reported in few advanced HCC patients during lenvatinib treatment, a patient with thyroid cancer who experienced GI perforation due to lenvatinib has been described [5] .
The present study describes a patient with advanced HCC and a metastasis to the small intestine who experienced perforation of the small intestine after starting treatment with lenvatinib. This study also discusses the mechanism underlying this complication.
Case Presentation
A 75-year-old Japanese male was diagnosed with advanced HCC 12 cm in diameter and underwent right hepatectomy combined with right diaphragm resection. Histological evaluation of the resected liver showed a moderately differentiated HCC with areas of poor differentiation. He had no history of viral hepatitis, but had been diagnosed with alcoholic liver injury. His body weight was 67 kg, and he had been previously diagnosed with hypertension and has since been treated with amlodipine 5 mg. Eight months after the operation, he was diagnosed with recurrent HCC 20 mm in diameter in the remnant left lobe for which he underwent curative radiofrequency ablation. Three months after radiofrequency ablation, he again experienced a recurrence of HCC, with tumors in the residual right diaphragm and caudal lobe, a tumor thrombus extending into the inferior vena cava, and lung metastasis (Fig. 1a, b) . The recurrent HCC was deemed unresectable, but his liver function was well preserved (performance status 0), and his general condition was good, despite having anemia (hemoglobin 7.7 g/dL). Blood tests showed that his albumin concentration was 3.0 g/dL, alanine aminotransferase concentration was 19 IU/L, total bilirubin concentration was 0.4 mg/dL, white blood cell count was 8,270/µL, red blood cell count was 266 × 10 4 /µL, platelet count was 21.0 × 10 4 /µL, prothrombin activity was 98%, alpha-fetoprotein concentration was 2.2 ng/mL, des-γ-carboxy prothrombin concentration was 808 AU/L, and his Child-Pugh score was 6 points (grade A). After obtaining written informed consent, this patient was started on lenvatinib 12 mg/day. During the next 4 weeks, he experienced grade 2 hypertension and fatigue, for which he was treated with amlodipine 10 mg/day, candesartan cilexetil 12 mg/day, and dexamethasone 1 mg/day. One month after starting lenvatinib, he experienced a sudden onset of abdominal pain. Computed tomography (CT) showed a perforation of the small intestine (Fig.  1c) , for which he underwent immediate surgery. Intraoperative examination showed a perforation of the small intestine 40 cm from the Treitz ligament, with a palpable nodule around the perforation point. His small intestine was partially resected. Retrospective examination of CT results at lenvatinib initiation showed swelling of the small intestine, probably due to HCC metastasis to this organ (Fig. 1d) .
Macroscopic examination of the resected small intestine showed a perforation in a protruding lesion with limited necrosis (Fig. 2a) . Histopathologic analysis showed a poorly differentiated HCC that had invaded the entire intestinal wall (Fig. 2b, c) , whereas the serous side of the membrane was relatively well preserved (Fig. 2d) , indicating a hematogenous, rather than a disseminated, metastasis of HCC. The site of perforation was within a necrotic area of the metastatic tumor (Fig. 2e) . The border between the necrotic tissue and viable tumor tissue was relatively distinct (Fig. 2e) . The necrotic tissue was surrounded by dilated tumor vessels, which were congested with pooled red blood cells due to clot formation (Fig. 2f) . Lymphocyte infiltration was also found around the tumor vessels surrounding the necrotic tissue (Fig. 2f) . The necrotic tumor contained tumor vessels with fibrin thrombi (Fig. 2g) , suggesting that necrosis involved ischemia due to thrombotic changes in tumor vessels.
The patient was discharged 1 month after surgery, in good general condition and with well-preserved liver function. Two months after the operation, following careful GI evaluation including upper and lower endoscopy, capsule endoscopy, positron emission tomography, and CT examination, he was restarted on lenvatinib. His serum des-γ-carboxy prothrombin concentration, which was 9,769 AU/L before starting lenvatinib, decreased to 4,849 AU/L after starting lenvatinib.
Discussion
Lenvatinib is a multi-TKI that was approved in 2018 as a first-line systemic treatment for advanced HCC [3] . It is characterized by strong inhibition of FGFR4 and VEGFR1-3 [6] . Cancer cells, including those in HCC, proliferate and disseminate by forming new tumor vessels through the process of angiogenesis, with VEGF being an essential angiogenic factor [7] . Inhibition of VEGF receptors in various tissues for 1-3 weeks was found to induce significant regression of capillary beds, with a reported reduction rate of 46% in villi of the small intestine [8] , suggesting that VEGFR inhibitors may be harmful to the small intestine. In clinical settings, thromboembolism is an AE of VEGF inhibitors, with an incidence of 5-12% in colorectal cancer patients treated with the VEGF inhibitor bevacizumab [9] . VEGF inhibition is also thought to play an important role in immunological anti-tumor effects, as bevacizumab induces increases the numbers of dendritic cells and CD8 T cells, while reducing the number of regulatory T cells [10] . In addition, treatment of tumor tissue with FGFR inhibitors has been reported to reduce populations of myeloid-derived suppressor cells, one of the components of the tumor microenvironment [11] . Thus, inhibition of VEGF or FGF signaling has anti-tumor effects, due not only to their antiangiogenic effects but also to immunemodulatory mechanisms. Pathological examination of the present patient showed partial necrosis, along with thrombotic tumor vessels and lymphocyte infiltration, which may have been induced by the anti-tumor effects of lenvatinib.
Perforation of the GI tract is a rare AE of lenvatinib but may be a lethal consequence of antiangiogenic therapies. Rates of GI perforation have been reported to be 1.3% in patients treated with VEGFR-TKIs [12] . Because lenvatinib has been used to treat advanced HCC patients only since 2018, there have been no reports of GI perforation due to lenvatinib in patients with advanced HCC. However, lenvatinib-associated GI perforation has been reported in a patient with anaplastic thyroid cancer, with the rapid tumor shrinkage effect considered responsible for GI perforation [5] . Other common AEs of lenvatinib, such as hypertension, proteinuria, diarrhea, and fatigue, usually occur within 2 months after initiating therapy [13] . The magnitude of tumor shrinkage is highest in the first 2 months [14] , with the highest incidence of AEs occurring during the same period. Our patient experienced GI perforation 1 month after starting lenvatinib, indicating that the clinical course of patients treated with lenvatinib should be carefully monitored.
HCC is a highly invasive tumor that metastasizes to the lungs, regional lymph nodes, adrenal glands, and bones. However, HCC metastasis to the GI tract is uncommon (2%), and metastasis to the small intestine is rare [15] . HCC patients with metastasis to the GI tract have a poor prognosis, with a median OS of 1 month (range 2 weeks-4 months) [15] . In this patient, metastasis to the small intestine was not detected before he was started on lenvatinib. Capsule endoscopy or double-balloon enteroscopy is recommended for the detection of lesions in the small intestine. Although it is difficult to screen the entire GI tract of all advanced HCC patients before TKI introduction, patients with iron deficiency anemia of unknown origin should be monitored.
Conclusion
This report is the first to describe a GI perforation due to the introduction of lenvatinib in a patient with advanced HCC. Although the strong antiangiogenic effects of lenvatinib make this agent useful for the control of advanced HCC, it is important to monitor patients for specific AEs.
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